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Summary: The amino acid sequences of the a-
and ß-chains from the major hemoglobin com-
ponent (Hb A) of Canada goose (Branta canadensis) 
and mute swan (Cygnus olor) are given. The en-
chains are of the a A -type, since a D - type was ex-
pressed but only found in low concentrations. By 
homologous comparison, greylag goose hemo-
globin (Anser anser) and Canada goose hemo-
globin a-chains differ by two exchanges, and 
ß-chains by three exchanges. A valine substitution 
for threonine was found at position a34 (B15). 
This exchange is a result of a two point mutation. 
Thus, there are three nucleotide mutations in 
a-chains, as in ß-chains. Substitutions in positions 
a34 (B15) and ßl25 (H3) have modified inter-
subunit contacts (OL\$\ -contacts). A comparison 
of mute swan hemoglobin with greylag goose 
hemoglobin shows four exchanges in a-chains 
and three in ß-chains. Canada goose and mute 
swan have identical ß-chains, while a-chains differ 
in two amino acids. One of these exchanges is 
implicated in one of the a.xßx -contact points 
(a34) where isoleucine substitution for valine 
was found. Comparison of hemoglobins from dif-
ferent species in the same tribe (Anserini) shows 
a high homology between Canada goose and 
mute swan hemoglobins. 
Die Aminosäuresequenz der Hämoglobine von Kanadagans (Branta canadensis) und Höckerschwan 
(Cygnus olor): Zwei verschiedene Arten mit identischen ß-Ketten 
Zusammenfassung: Die Primärstrukturen der a-
und ß-Ketten der Hauptkomponenten (HbA) von 
Kanadagans (Branta canadensis) und Höcker-
schwan (Cygnus olor) werden angegeben. Die 
a-Ketten sind vom a A -Typ, der a D -Typ wird 
ebenfalls exprimiert, aber nur in geringen Konzen-
trationen nachgewiesen. Beim homologen Ver-
gleich mit dem Hämoglobin der Graugans (Anser 
anser) findet man bei der Kanadagans in den 
a-Ketten zwei, in den ß-Ketten drei Unterschiede. 
Der Austausch a34 (B15) Thr-^Val muß auf eine 
Zweipunktmutation zurückgeführt werden. Da-
Abbreviations: 
Quadrol = A^,A^,A^',A^'-tetrakis(2-hydroxypropyl)ethylenediamine; Tp = trypt ic peptides; 
Reagent I = sodium 4-(isothiocyanato)benzenesulfonate; Reagent IV = trisodium 7-(isothiocyanato)-
naphtalene-l ,3,5-tr isulphonate; TosPheCH2Cl = chloro-(N-tosyl-L-phenylalanyl)methane; BG = barheaded goose; 
CG = Canada goose; CH = chicken; GG = greylag goose; PH = pheasant; SW = mute swan; inositol-?5 = inositol-
1,3,4,5,6-pentaphosphate; 
* 50th Communicat ion on Hemoglobins. Part of thesis (Cygnus olor) for Ph .D. degree J. Godovac-Zimmermann, 
Faculty of Science, University of Belgrade. 
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her haben sowohl in den a-Ketten als auch in den 
ß-Ketten drei Mutationen stattgefunden. In a34 
(B15) Val und ßl25 (H3) Asp sind ajß, -Bin-
dungsstellen verändert. Das Hämoglobin des 
Höckerschwans unterscheidet sich von dem der 
Graugans in den a-Ketten in vier, in den ß-Ketten 
in drei Aminosäuren. Die ß-Ketten von Kanada-
gans und Höckerschwan sind identisch. Die 
a-Ketten unterscheiden sich in zwei Aminosäuren. 
Eine Mutation findet man mit a34 (B15) VaH-lle 
an einer ayßi-Bindungsstelle. Der Vergleich der 
Hämoglobine verschiedener Arten aus verschie-
denen Gattungen der Gattungsgruppe Gänse 
(Anserini) ergibt die größte Homologie zwischen 
Kanadagans und Höckerschwan. 
Key words: Hemoglobin, sequence, Canada goose, mute swan. 
Birds occupy an important position in biological 0 
evolution. A comparative study of the primary 
structure of bird hemoglobin and hemoglobin w/Kß — Hb A 
from other species is very interesting from the Wm — Hb 0 
aspect of biochemical evolution and respiratory 
function. Studies of greylag goose (Anser anser) 
l2l, barheaded goose (Anser indicus)^A] ostrich 
(Struthio camelusfl3], chicken (Gallus gallus)^ 
and pheasant (Phasianus colchicus colchicus)^ 
hemoglobins have already been published. In this 
paper we report the primary structures of Canada 
goose and mute swan hemoglobins A. 
Materials and Methods 
Isolation of hemoglobin 
Blood was obtained from the major leg vein of mute swan 
and Canada goose. Erythrocytes were separated from 
the plasma by centrifugation and washed 3 times with 
physiological saline. Hemolysate was prepared by lysing 
the cells with distilled water. It was analysed by electro-
phoresis on Polyacrylamide disc gels^71; the results are 
shown in Fig. 1. Without prior separation of the hemo-
globin components, globin was prepared from the whole 
hemolysate according to the method of Rossi-Fanelli and 
A n t o n i n i ^ . 
Separation of the chains 
The native globin was separated into a- and 0-subunit 
chains by chromatography on CM-Celtulose in 8M urea 
buffers in the pH range 5.0 to 5 . 8 ^ . According to this 
method two a-chains ( a A and oP) and one 0-chain were 
isolated (Fig. 2). Between the two a-chains of the Canada 
goose an additional chain was found and degradated in 
the sequenator for 45 steps. The sequence was identical 
with the aA-chain. 
Fur thermore, the polypeptide chains were resolved by 
Polyacrylamide disc gel electrophoresis in presence of 
0 
a) b) 
Fig. 1. Disc electrophoresis of a) Canada goose and b) 
mute swan hemoglobins. 
urea and Triton X-100 according to Alter et alJ 
(Fig. 3). 
Modification of the protein 
Oxydation was carried out with performic acid 1 1 1 \ re-
duction with 2-mercaptoethanol and carboxymethyla-
tion with iodoacetamide' 1 2 1 . 
Enzymatic digestion 
Tryptic peptides of native globin were obtained by diges-
tion with TosPheCH^Cl-treated trypsin. Digestion was 
carried out at pH 9 to 10 for 4 h at room temperature. 
The peptides were first fractionated by gel filtration on 
Sephadex G-25 in O.lM acetic acid. The single peaks 
were subsequently chromatographed on Dowex 50X4 
42 °C with pyridine buffers and linear gradients 
(Fig. 4). 
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Fig. 2. Separation of the chains 
from Canada goose hemoglobin on 
a carboxymethyl-cellulose CM-52 
column (2.5 x 12 cm) at a flow 
rate of 40 m//h with a linear salt 
gradient. 
Starting buffer: 8M urea + 0.02M 
sodium acetate + 0 .02% 2-mer-
captoethanol, pH 5.6. Final buffer: 
starting buffer + 0.4M NaCl pH 









Fig. 3. Triton X-100 electrophoresis of a) Canada goose 
b) mute swan globins. 
Asp-Pro cleavage 
The cleavage of Asp-Pro bonds was carried out with 80% 
formic acid/6M guanidinium chloride solution at 42 °C 
for 60 h j 1 3 l The peptides were then chromatographed 
on a Sephadex G-50 column in 8M urea/10% formic acid. 
Amino acid analysis 
Samples were hydrolysed in constant boiling hydrochloric 
acid at 110 °C for 20 h. The analyses were performed 
with a Beckman Model 121 C amino analyzer (Tables 
1 -5) . 
Sequence determination 
Sequence determination was done by automatic Edman 
degradation^ 1 4 J in a Beckman sequencer using Quadrol 
' I 4 1 and N, W-diethylaminopropynel1 51 programs. The 
Quadrol programme was applied for sequencing the in-
tact polypeptide chains, large peptides and lysine pepti-
des which had been reacted with reagent I or 
The A;, N-diethylaminopropyne programme was applied 
for sequencing arginine peptides. 
Indentification of phenylthiohydantoin derivatives of 
amino acids 
The derivatives were identified by thin-layer chromatog-
raphy on silica gel (E. Merck, Darmstadt) using the sol-
vent systems of Braunitzer et alJ 1 8^:.Some results were 
confirmed by high performance liquid chromatography 
' 1 9 ' . The results of sequence determination corroborate 
the data of amino acid composition of the peptides and 
intact chains. 
Results and Discussion 
Polymorphism of Canada goose and mute swan 
hemoglobins 
The red blood cells of the birds contain multiple 
types of hemoglobins which vary at different 
stages of development and during the life cycle. 
The hemoglobins found in early embrionic stages 
are called hemoglobins E, P, P' and M, in the late 
embryo HbH, and in the adult bird are called HbA 
and HbDi2°l. 
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Fig. 4. a) Fractionation of ß-chain soluble tryptic pep-
tides from mute swan hemoglobin on a Sephadex G-25 
(2.5 x 130 cm) at a flow rate 20 m//h. 
Buffer: O.lM acetic acid. Fraction vol. 5 ml. b) The 
peptide map was obtained by high voltage electro-
phoresis. 
Early embrionic fetal globin chains and adult 
globin chains are encoded by two developmental-
ly regulated multigene families '2 1 '2 2! . The two 
adult hemoglobins have different a-chains (aA 
and a D ) and identical ß-chainsl20!. 
These two a-chains appear to be present in all 
birds, but the expression in different species dif-
fers. The aD-gene is expressed in high levels in 
chicken and pheasant (about 20%) but in lower 
levels in geese and swan (about 5 -10%) . A larger 
difference in amino acid sequence was found be-
tween aD- and aA-chains of one species than be-
tween aD-chains of different species^6!. This in-
dicates that these globins are products of very old 
gene duplication. By homologous comparison of 
the same type of chains from different species, 
aD-chains show a high, aA-chains a normal and 
ß-chains a reduced evolution rate. 
We have analysed the partial sequence of hemo-
globin D from Canada goose, and found that this 
amino acid sequence is very similar to the a D -
chains of chicken and pheasant hemoglobins 
(Fig. 5). The ß-chains in the major and minor 
components are identical. 
Physiology of Canada goose hemoglobin 
In all birds inositol-/^ is the major allosteric ef-
fector in hemoglobin^23 '24!. The concentration 
PH Asn Glu Leu Gin Ala 
CH Glu Leu Gin Ala 
CG M e t - L e u - T h r - A l a - A s p - A s p - L y s - L y s - I l e - I l e - A l a - G l n - L e u - T r p - G l u -
5 10 15 
PH Ala Ser Gin Ala Thr 
CH Ala Ser Gin Ala Val 
CG - L y s - V a l - A l a - G l y - H i s-G1 n-Asp-G 1 u - P h e - G l y - A s n - G 1 u - A l a - L e u - G 1 u -
20 25 30 
PH Thr-Ala 
CH Thr Glu 
CG - A r g - M e t - P h e - V a l - T h r - T y r - P r o - G l n - T h r - L y s - T h r - T y r 
35 40 
Fig. 5. Sequence of aD -chains from hemoglobin D of Canada goose. 
The sequence is homologously aligned with aD -chains from pheasant ' 6 ! and chicken H b D ' 2 9 l 
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Table 1. Canada goose hemoglobin, aA -chains . 
Amino acid composition of the soluble t rypt ic peptides. 







































































Sum. 9 16 4 1 21 8 2 7 2 
Table 2. Canada goose hemoglobin, 0-chains. 
Amino acid composition of the soluble t rypt ic peptides. 
Tp5/6 Tp7 Tp8 Tp9a Tp9b Tp lO/11 T p l 4 b T p l 4 c / 1 5 
Asx 2.33 - - 1.08 3.07 3.95 - -
Thr 1.00 - - 1.02 - 0.84 - -Ser 3.87 - - 0.88 - 1.14 - -
Glx - - - - - 3.01 - -Pro 1.63 - - - 0.86 - _ 
Gly 1.81 0.99 _ 0.96 - - -
Ala 1.28 1.00 - 0.97 - 1.07 2.95 -
Val 1.27 - - 1.78 - 0.87 1.16 (2) -
He 1.03 - - - 0.92 - - -
Leu 2.52 (2) - - 1.21 1.04 3.05 1.42 (1) -
Tyr - - - - - - - 1.01 
Phe 2.81 _ _ 1.04 - 1.94 - -
Lys - 1.04 1 1.03 0.99 1.19 - 1.02 
His - 0.97 - - - 2.03 1.39 (1) 0.97 
Arg 1.30 (1) - - - 1.00 1.05 -
Met 0.90 - - - - - - -
Cys - - - - - 1.01 - -
Sum. 21 4 1 10 6 22 8 3 
Table 3. Mute swan hemoglobin, a - c h a i n s . 
Amino acid composition or the soluble t rypt ic peptides. 
T p l Tp2 Tp3 Tp4 Tp5 Tp6 Tp7 Tp8 Tp9a Tp9b TplO T p l l T p l 4 
Asx 1.07 1.03 1.97 0.96 2.96 1.16 2.41 
Thr 0.98 1.06 1.21 0.88 1.14 
Ser 1.00 1.00 0.90 1.23 1.09 
Glx 2.02 1.15 1.93 1.17 
Pro 1.05 0.90 0.79 
Gly 0.98 2.84 1.20 1.10 1.22 
Ala 1.92 1.89 0.90 1.15 1.13 5.84 1.15 
Val 1.03 1.02 0.92 2.89 1.81 
Met 0.89 
He 0.94 0.93 0.86 1.81 
Leu 0.99 1.03 0.98 2.00 2.21 0.87 
Tyr 0.91 0.96 0.88 0.98 
Phe 0.95 0.92 1.88 0.84 
Lys 0.97 0.98 1.14 0.98 1.22 0.90 1 1.23 1.00 0.89 
His 1.31 2.22 0.86 1.15 1.00 
Arg 1.00 1.12 1.01 
Sum. 7 4 5 15 9 16 4 1 21 8 2 7 2 
Table 4 . Mute swan hemoglobin, ^-chains. 
Amino acid composition of the soluble tryptic peptides. T p l Tp2 Tp3 Tp4 Tp5/6 Tp7 Tp8 Tp9a Tp9b T p l 0 / l l T p l 4 a T p l 4 b T p l 4 c / 1 5 
Asx 2.16 2.13 1.02 2.76 3.85 
Thr 1.12 1.17 1.00 1.01 0.95 0.83 
Ser 3.78 0.89 0.97 
Glx 1.99 1.13 1.01 1.15 2.60 
Pro 1.07 2.12 0.87 
Gly 2.03 1.30 2.09 0.98 1.05 
Ala 0.99 3.89 1.26 1.07 1.05 1.25 3.26 
Val 0.95 1.74 0.78 1.06 1.81 1.28 0.96 1.48 (2) 
Met 1.06 
He 0.96 0.76 0.95 1.02 
Leu 2.00 1.19 2.18 2.14 1.03 1.19 2.86 1.05 1.12 
Tyr 1.02 0.83 
Phe 2.99 0.93 1.73 
Lys 1.03 0.89 0.98 1 0.98 1.09 1.12 1.00 
His 0.86 0.97 2.08 1.06 1.19 
Arg 0.97 1.08 1.00 0.93 0.99 1.27 
Cys 0.87 1.01 
Trp 1.00 1.00 1.00 
Sum. 8 9 13 10 21 4 1 10 6 22 3 8 3 
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Table 5. Canada goose hemoglobin. Amino acid composit ion of the complete a - and a - c h a i n s and of the 
C-terminal peptides HP-2 after hydrolytic cleavage (Asp-Pro bond) . 
TH = Determination after total hydrolysis; SA = sequence determinat ion; values in brackets indicate the differences 
in comparison to the grayleg goose. 
aA -Chains ^-Chains a D -Cha ins 
Complete chains HP-2 peptide Complete chains HP-2 peptide Compl. chains 
TH SA TH SA TH SA TH SA TH 
Asx 11.30 11 ( + D 2.30 2 14.73 15 ( + 2 ) 4.30 4 ( + 2 ) 12.52 
Thr 7.57 8 ( - 1 ) 2.77 3 6.47 7 (+ 1) 0.94 1 5.33 
Ser 6.97 7 1.91 2 6.02 6 ( - 1 ) - 6.77 
Glx 9.30 9 ( - 1 ) 1.19 1 10.29 10 ( - 2 ) 3.14 3 ( - 2 ) 13.94 
Pro 4.24 5 2.53 3 5.34 5 1.98 2 5.05 
Gly 8.78 9 2.12 2 7.90 8 1.10 1 7.03 
Ala 19.02 19 5.32 5 17.07 17 7.51 8 15.55 
Val 14.65 15 (+ 1) 6.55 7 11.85 12 3.95 4 10.49 
He 4.50 5 1.02 1 6.61 7 2.86 3 3.33 
Leu 14.50 14 6.09 6 17.68 18 5.97 6 15.32 
Tyr 3.75 4 1.00 1 2.20 2 1.01 1 4.31 
Phe 8.07 8 3.48 4 8.14 8 3.00 3 7.18 
Lys 12.00 12 3.20 3 10.13 10 3.16 3 10.29 
His 9.61 10 3.52 4 7.17 7 2.69 3 6.11 
Arg 2.91 3 1.00 1 5.86 6 3.05 3 3.94 
Met 1.38 1 _ - 1.05 1 2.55 
Cys 1.95 2 2.11 2 4.10 4 0.94 1 
Trp - - - - 2.73 3 0.85 1 
Sum. 141 47 146 47 141 
i 
of inositol-P5 in Canada goose erythrocytes is 
5.2JLXM f25', which is 20% higher than in greylag 
goose ( 4 . 3 / J M ) and barheaded goose ( 4 . 5JUM). 
In addition low levels of ATP ( 0 . 6 / I M ) and 2,3-di 
phosphoglycerate (0.3JLXM) are present^25!. The 
concentration of ATP in Canada goose erythro-
cytes is about 30% higher than in erythrocytes 
of barheaded goose and 10% higher than in 
greylag goose red blood cells. The p ( 0 2 ) 5 o for 
the whole blood of Canada goose is 5.6 kPa in-
dicating a lower oxygen affinity compared to 
that of the greylag goose. The p ( 0 2 ) s o estimate 
for geese hemoglobin without phosphate is 
0 .1 -0 .3 kPa, but is increased in the presence of 
phosphate. It was found that the highest in-
fluence of phosphate is in Canada goose red blood 
cells. This result correlates with the high concen-
tration of inositol-P5 and other phosphates and 
also with mutations in the primary structure of 
the chains. We suggest that substitution in aAß{ -
contact sites may account for higher influence 
of inositol-/^ on Canada goose hemoglobin. 
Table 6. Comparison of amino acid and nucleotide 
substitutions in the hemoglobins of grayleg goose (GG), 






CG/SW 2/0 2/0 
GG/BG 3/1 3/1 
CG/GG 2/3 3/3 
SW/GG 4/3 4 /3 
CG/BG 5/2 6/2 
SW/BG 7/2 7/2 
OO 4^ 
CG 10 20 Glu 30 
CG a Val- -Leu-Ser-Ala-Ala - A s p-Lys-Thr-Asn-Val-Lys-Gly-Val-Phe-Ser-Lys-Ile-Gly-Gly-His-Ala-Asp-Glu-Tyr-Gly-Ala-Glu-Thr-Leu-Glu-
CG 3 Val-His-Trp-Thr-Ala-Glu-Glu-Lys-Gln-Leu-Ile-Thr-Gly-Leu-Trp-Gly-Lys-Val-Asn- - V a l-Ala-Asp-Cys-Gly-Ala-Glu-Ala-Leu-Ala-
GG Ser 10 20 
Thr 40 50 
-Arg-Met-Phe-Val-Ala-Tyr-Pro-Gln-Thr-Lys-Thr-Tyr-Phe-Pro-His-Phe- -Asp-Leu-Gln-His- -Gly-Ser-Ala-Gln-Ile-
-Arg-Leu-Leu-Ile-Val-Tyr-Pro-Trp-Thr-Gln-Arg-Phe-Phe-Ser-Ser^ 
30 40 50 60 
60 70 80 
-Lys-Ala-His-Gly-Lys-Lys-Va I-Ala-Ala-Ala-Leu-Val-Glu-Ala-Val-Asn-His-Ile-Asp-Asp-Ile-Ala - G!y-Ala-Leu-Ser-Lys-Leu-Ser-Asp-Leu-
-Arg - A I a-His-Gly-Lys-Lys-Val-Leu-Thr-Ser-Phe-Gly-Asp-Ala-Val-Lys-Asn-Leu-Asp-Asn-Ile-Lys-Asn-Thr-Phe-Ala-Gln-Leu-Ser-Glu-Leu-
70 80 90 
90 100 110 
-His-Ala-Gln-Lys-Leu-Arg-Val-Asp-Pro-Val-Asn-Phe-Lys-Phe-Leu - G l y-His-Cys-Phe-Leu - V a l - V a l - V a l-Ala-Ile-His-His-Pro-Ser - A l a-Leu-
-Hi s-Cys-Asp-Lys-Leu-Hi s-Val-Asp-Pro-Glu-Asn-Phe-Arg-Leu-Leu - G l y-Asp-IIe-Leu-Ile-Ile-Val-Leu - A I a - A I a-His-Phe-Al a-Lys-Asp-Phe-
100 110 120 Glu 
120 130 140 
-Thr-Pro-Glu-Val-His-Ala-Ser-Leu-Asp-Lys-Phe-Leu-Cys-Ala-Val-Gly-Thr-Val-Leu-Thr-Ala-Lys-Tyr-Arg 
-Thr-Pro-Asp-Cys-Gln-Ala-Ala-Trp-Gln-Lys-Leu-Val-Arg-Val-Val-Ala-His-Ala-Leu-Ala-Arg-Lys-Tyr-His 
Glu 130 140 
Fig. 6. Sequence of a A - and ß-chains from hemoglobin A of Canada goose. The sequence is homologously aligned with greylag goose hemoglobin ' 2 1. 
10 20 
GG a Glu-Glu 
SW a Val- -Leu-Ser-Ala-Ala-Asp-Lys-Thr-Asn-Val-Lys-Gly-Val-Phe-Ser-Lys-ne-Gly-Gly-His-Ala-Asp-Asp-Tyr-Gly-Ala-Glu-Thr-Leu-
SW ß Val-His-Trp-Thr-Ala-Glu-Glu-Lys-Gln-Leu-Ile-Thr-Gly-Leu-Trp-Gly-Lys-Val-Asn- -Val-Ala-Asp-Cys-Gly-Ala-Glu-Ala-Leu-







60 70 80 
70 80 
90 100 110 
100 110 





120 130 140 
Fig. 7. Sequence of a A - and ß-chains from hemoglobin A of mute swan. The sequence is homologously aligned with greylag goose hemoglobin^2 J. 
30 
GG a 
SW a -Glu-•Arg 




SW a -Gln-• H e 




SW a -Ser--Asp 




SW a -Pro--Ser 
SW ß -Ala--Lys 
GG ß 
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Comparison of Canada goose hemoglobin with 
greylag goose hemoglobin shows five exchanges 
(Fig. 6). Two of these substitutions are in otißx -
contacts but only one [a34 (B15), Thr-*Val] 
could make a significant contribution to the 
elevated influence of inositol-/^ on Canada goose 
hemoglobin. Substitution at position 0125 (H3, 
Glu-^Asp) was also found in barheaded goose 
hemoglobin. 
Physiology of mute swan hemoglobin 
Investigations on the affinity of oxygen for hemo-
globin of mute swan are not reported here. Bech 
and Johnsen^26! measured ventilation and gas ex-
change in this hemoglobin, and from their data 
we have estimated the p ( 0 2 ) s o for mute swan 
whole blood to be 5.1 kPa. This value is lower 
than that reported for Canada goose and therefore 
indicates a higher oxygen affinity. A high con-
centration of inosi tol-^ or He-substitution for 
Val at position a34 may be responsible for ele-
vated oxygen affinity of mute swan hemoglobin. 
Classification and biology of Canada goose and 
mute swan 
The Canada goose belongs to the genus Branta, 
the mute swan to the genus Cygnus. Both genera 
belong to the family Anatidae. The Canada goose 
is the most common goose in North America and 
gives rise to the most subspecies. They inhabit 
low lying areas. Mute swans inhabit Europe and 
middle Asia. Mute swans differ from geese in their 
larger size and longer necks. Of the tribe Anserini 
(geese) which consists of four genera, the primary 
structures of hemoglobins from genus Cygnus, 
Anser and Branta have already been published. 
Table 6 shows the lowest number of mutations 
between Canada goose and mute swan a- and 
ß-chains of both species are identical. According 
to homologous comparison of hemoglobins, 
Canada goose and mute swan must be closely 
related, although they belong to two different 
tribes. This could be mean that classification 
from biological data should be revised or that the 
real genetic distance between these two species is 
not apperent because of their parallel evolution. 
A close relationship between Cygnus and Branta 
is also indicated by the comparative analysis of 
lysozymes. Most avian species possess either the 
goose type or chick type of lysozyme in their egg 
white. In contrast, the Australian black swan 
(Cygnus astratus) and Canada goose have mixture 
of both types of lysozymes^27 '28!. 
We gratefully acknowledge the technical assistence of Miss 
E. Müller, Mr. A. StangU Miss B. Schrank and Mr. 
C. Krombach. 
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Bat (cgyptian fruit bat) s. Rousettus aegyptiacus 
Bence-Jones protein Mev. (amyloidogenic), amino acid 
sequence, M. E u l i t z and R.P. L i n k e , 1347 
Bestatin, affinity chromatography of aminopeptidases, 
K.-H. Röhm, 641 
Binding parameters, 4-(9-acridinylamino)aniline and 
DNA, J.-P. H e n i c h a r t , J.-L. B e r n i e r and 
J.-P. C a t t e a u , 835 
Binding region, between polysaccharide and core protein, 
T. S t e i n , R. K e l l e r , H.W. S t u h l s a t z , H. G r e i l i n g , 
E. O h l s t , E. Müller and H.-D. Scha r f , 825 
Binding sites, plasma lipoproteins, E. K o l l e r , F . K o l l e r 
and W. D o l e s c h e l , 395 
Biocompatible derivatives, trypsin-kallikrein inhibitor, 
M. H a v r a n o v a , D. C e c h o v a , V. S a u d e k , 
M. M e t a l o v a and J. D r o b n i'k, 295 
Bioenergetics (molecular), aspects, 43rd Conference of 
the Gesellschaft für Biologische Chemie, 535 
Biological clock, and cycles, Joint meeting of the nordic 
biochemical societies and the Gesellschaft für Biologi-
sche Chemie, 952 
Biopterin, s. dihydrobiopterin, tetrahydrobiopterin 
Bis(monoacylglycero)phosphate, chloroquine effect, 
G. P a k a l a p a t i and H. D e b u c h , 573 
2,3-BisphosphogIycerat, hemoglobin, G. B r a u n i t z e r , 
W. J e l k m a n n , A. S t a n g l , B. S c h r a n k and 
C. K r o m b a c h , 683 
Bit is arietans (puff adder), amino acid sequence of pro-
tein CM-2, F . J . J o u b e r t , T. H a y l e t t , D.J . S t r y d o m 
and N. T a l j a a r d , 1087 
Blood (dog), excretion of tissue kallikrein from blood 
into urine, E. F i n k and M. S c h l e u n i n g , 1331 
Blood coagulation, separation of fibrinogen chains, 
M. K e h l , F. L o t t s p e i c h and A. H e n s c h e n , 1501 
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Blood platelets, s. thrombocytes 
Blood pressure (rat), tissue kallikrein, L. S c h a c k and 
T. D i e t l , 107 
Blot hybridization, demonstration of SV40 gene 
fragment, J. H o r s t , E. J a c o b , C. W e c k l e r and 
W. D e p p e r t , 445 
B-Lymphocytes, mitogenicity, W.G. Bess l e r , R .B. 
J o h n s o n , K. Wiesmüller and G. J u n g , 767 
Boc-Amino acid derivatives, liquid-phase peptide syn-
thesis, B. H e m m a s i , W. Stüber and E. B a y e r , 701 
Bone marrow cells (human, murine), colony-stimulating 
factors, R. N e u m e i e r , H.R. M a u r e r , M. A r n o l d , 
U. G e r l a c h , K. G l e n d i n n i n g , H. R e n n e r and 
J .H. Wiss le r , 193 
Bradykinin, high performance liquid chromatography, 
R. G e i g e r , R. H e l l and H. F r i t z , 527 
- , rat uterus homogenates, M. M a r i n - G r e z , 
G. S c h a e c h t e l i n and K. H e r m a n n , 1359 
Brain (bovine), proteolipid apoprotein from myelin, 
W. S t o f f e l , H. H i l l e n , W. S c h r o e d e r and 
R. D e u t z m a n n , 855 
- , - , W. S t o f f e l , W. Schröder, H. H i l l e n and 
R. D e u t z m a n n , 1117 
- , - , W. S t o f f e l , H. H i l l e n , W. Schröder and 
R. D e u t z m a n n , 1397 
- , structural similarities among biologically active 
peptides, H. Jörnvall, V. M u t t a n d M. P e r s s o n , 
475 
Branta canadensis (canada goose), amino acid sequence 
of hemoglobin, W. Oberthür, J. G o d o v a c - Z i m m e r -
m a n n , G. B r a u n i t z e r and H. W i e s n e r , 777 
(ferf-Butyldithio)carbonyl, amino-protecting group, 
E. Wünsch, L. M o r o d e r , R. N y f e l e r and 
E. J a e g e r , 197 
S-rerf-Butylthio group, introduction into cysteine and 
cysteine derivatives, E. Wünsch, L. M o r o d e r and 
S. R o m a n i , 1461 
Calcium ions, coagulation factors IX and X, 
J. Kärpati, K. V a r a d i and S. Elödi, 521 
Cancer, s. teratocarcinoma cells (human) 
Capra aegagrus (goat), amino acid sequence of hemo-
globin, T. K l e i n s c h m i d t and G. B r a u n i t z e r , 789 
Captopril, kininase II inhibition, L. S c h a c k and 
T. D i e t l , 107 
Carboxylic acids, s. azidocarboxylic acid derivatives 
6-(Carboxymethoxyimino)-2-methoxy-l,3,5(10)-
estratriene-3,17/?-diol, synthesis, D. Berg , 
H. -H. W a r n e c k e and E. Kuss , 737 
6 -(Carboxym ethoxy im ino)-3 -hy droxy- 2-m e thoxy-
I , 3,5(10)-estratrien-17-one, synthesis, D. Berg, 
H.-H. W a r n e c k e and E. Kuss , 737 
Carboxypeptidase N , s. arginine carboxypeptidase 
Carcinoma, s. teratocarcinoma cells (human) 
Carcinus maenas (crab), ecdysteroids , F . Lac h a i s e and 
J .A. H o f f m a n n , 1059 
Carrier (soluble), trypsin-kallikrein inhibitor, 
M. H a v r a n o v a , D. C e c h o v a , V. S a u d e k , 
M. M e t a l o v a and J. D r o b n ik, 295 
- (ADP/ATP carrier from mitochondria) , amino acid 
sequence, H. A q u i l a , D. Misra , M. E u l i t z and 
M. K l i n g e n b e r g , 345 
Catecholestrogens, immunogenicity, D. Berg , H.-H. 
W a r n e c k e and E. Kuss , 737 
Cathepsin D (EC 3.4.23.5), autolysis studies, T. Lah and 
V . T u r k , 247 
- , fibronectin fragments, H. R i c h t e r and H. Hörmann, 
351 
Cathepsin G (EC 3.4.21.20), separation from other 
leukocyte enzymes, S. E n g e l b r e c h t , E. P i e p e r , 
H.W. M a c a r t n e y , W. R a u t e n b e r g , H.R. W e n z e l 
and H. T s c h e s c h e , 3 0 5 
Cationic protease, Thermoactinomyces vulgaris, 
R. K l e i n e and U. K e t t m a n n , 843 
Cations (divalent), effect on 3-hydroxy-3-methyl-
glutaryl-CoA reductase, G. Gi l , V.E. C a l v e t , 
A. F e r r e r and F .G. H e g a r d t , 1217 
Cell adhesion, contact site A glycoprotein of 
Dictyostelium discoideum, J. S t a d l e r , C. B o r d i e r , 
F . L o t t s p e i c h , A. H e n s c h e n and G. G e r i s c h , 
771 
Cell association, gangliosides, K. R a d s a k , G. S c h w a r z -
m a n n and H. W i e g a n d t , 263 
Cell culture, s. primary culture 
Cell heterogeneity, rat liver, W. F i s c h e r , M. I c k and 
N.R. K a t z , 375 
Cell to cell contact , s. cell adhesion, cell association 
Cell surface, seminal and colostral protease inhibitors, 
L. V e s e l s k y , D. C e c h o v a , V. H r u b a n and 
J. K l a u d y , 113 
Cellular compar tments , RNA labelling, C. S c h o l t i s s e k , 
D. E v a n s and H. Bürger, 1389 
Cell wall (bacterial), mitogenic activity, W.G. B e s s l e r , 
R.B. J o h n s o n , K. Wiesmüller and G. J u n g , 767 
Ceratotherium simum, (white rhinoceros), amino acid 
sequence of hemoglobin, G. M a z u r , G. B r a u n i t z e r 
and P . G . W r i g h t , 1077 
Chelators, iron (II) ions, H. N o h l , W. J o r d a n and 
D. H e g n e r , 599 
Chicken, amino acid sequence of L-l light chain of fast 
skeletal muscle myosin, T. U m e g a n e , T. M a i t a and 
G. M a t s u d a , 1321 
Chloramine-T iodination, glucagon, O. S o n n e , 
U.D. L a r s e n a n d J. M a r k u s s e n , 95 
Chloramphenicol, degradation, H.G. B e s c h l e , 
R. Süssmuth and F . L i n g e n s , 439 
- , resistent flavobacteria, H.G. B e s c h l e , R. Süssmuth 
and F . L i n g e n s , 1365 
Chlorohydroxyphenylacetic acids, syntheses, A. M a r k u s , 
U. K l a g e s and F . L i n g e n s , 431 
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Chlorophyll , s.a. bactcriochlorophyll 
- , biosynthesis, O. K l e i n and R . J . P o r r a , 5 5 1 
Chloroquine, fatty acid liberation, G. P a k a l a p a t i and 
H. D e b u c h , 573 
phospholipids of lysosomes, A. H a r d e r and 
H. D e b u c h , 717 
Cholämie acid, s. oxocholanic acid 
Cholesterol, azido fatty acid-substituted, W. S t o f f e l , 
K.-P. Sa lm a n d M . Müller, 1 
- , 3-hydroxy-3-methylglutaryl-CoA reductase, 
H.-S. J e n k e , M. Löwel and J. B e r n d t , 
725 
Chondroit in sulfate oligosaccharides, 0-D-glucuronidase, 
R. N i e m a n n and E. B u d d e c k e , 591 
Chromatography, s. affinity chromatography, high-per-
formance liquid chromatography, immuno-affinity 
chromatography, reversed-phase high-pressure liquid 
chromatography 
- , controlled pore glass, R. K l e i n e and U. K e t t m a n n , 
843 
Chromosomes, structure and function, Joint meeting of 
the nordic biochemical societies and the Gesellschaft 
für Biologische Chemie, 922 
Chymotrypsin (EC 3.4.21.1), s.a. acyl-chymotrypsin 
- , synthetic inhibitors, M. M u r a m a t u , T. S a t o h , 
Y. Y a n a g i m o t o , Y. K a n a m o t o , I. K a t s u y a m a , 
M. K a n e m o t o and K. T a g u c h i , 203 
- , inhibitor in skeletal muscle, M. D u d a i , M. M a y e r and 
M. K i d r o n , 651 
Chymotrypsinogen A, interaction with human a [-pro-
teinase inhibitor, H. Löbermann, F . L o t t s p e i c h , 
W . B o d e and R. H u b e r , 1377 
Cigarette smoke, cq-proteinase inhibitor, R.A. S t o c k l e y , 
S.C. A f f o r d and D. B u r n e t t , 387 
Circular dichroism, autolysis studies of proteinases, 
T. L a h and V. T u r k , 247 
Citraconylation, insulin, V.K. N a i t h a n i and 
H . G . G a t t n e r , 1443 
(35)-Citryl-CoA, enzymatic preparation, G. Löh lein 
and H. E g g e r e r , 1103 
Clearance, s. renal clearance 
Cloning, SV40 gene fragment, J. H o r s t , E. J a c o b , 
C. W e c k l e r and W. D e p p e r t , 445 
Clostridium barken, 2,3-dimethylmalate lyase, 
G. Löhlein and H. E g g e r e r , 1103 
Clostridium sporogenes, amino acid fermentation, 
C. P i t s c h and H. S i m o n , 1253 
Coagulation factors IX and X (EC 3.4.21.22 and 
EC 3.4.21 .6) , granulocyte proteases, J Kärpati, 
K. V a r a d i a n d S. Elödi, 521 
Coenzyme A, s. acetyl-CoA, (3S)-citryl-CoA, propionyl-
CoA 
Collagenase (EC 3.4.24 .7) , separation from other 
leukocyte enzymes, S. E n g e l b r e c h t , E. P i e p e r , 
H. W. M a c a r t n e y , W. R a u t e n b e r g , H.R. W e n z e l 
and H. T s c h e s c h e , 305 
Colony-stimulating factors (porcine), identification, 
R. N e u m e i e r , H.R. M a u r e r , M. A r n o l d , 
U. G e r l a c h , K. G l e n d i n n i n g , H. R e n n e r and 
J .H. Wiss l c r , 193 
- (bovine), isolation from bovine lung conditioned 
medium, R. N e u m e i e r and H.R. M a u r e r , 1493 
Colostral protease inhibitors, on leukocytes, 
L. V e s e l s k y , D. C e c h o v a , V. H r u b a n and 
J . K l a u d y , 113 
Compar tmenta t ion , RNA labelling, C. S c h o l t i s s e k , 
D. E v a n s and H. Bürger, 1389 
Computer averaging, electron microscopy, H. J. 
S c h r a m m and W. S c h r a m m , 803 
Conformational adjustment, insulin, D. S a u n d e r s and 
K. F r e u d e , 655 
Conformational changes, membrane-bound hexokinase, 
P.A. L a z o and L. B o s c a , 635 
Contact (cell to cell), s. cell adhesion, cell association 
Contact site A glycoprotein (Dictyostelium discoideum), 
amino acid sequence of AMerminus, J. S t a d l e r , 
C. B o r d i e r , F . L o t t s p e i c h , A. H e n s c h e n and 
G. G e r i s c h , 771 
Controlled pore glass, s. pore glass (controlled) 
Copper protein complex, hemocyanins, H.-J. S c h n e i -
d e r , U. I i i ig , E, Müller, B. L i n z e n , F . L o t t s p e i c h 
and A. H e n s c h e n , 487 
Core protein, linkage region between polysaccharide and 
protein, T. S t e i n , R. K e l l e r , H.W. S t u h l s a t z , 
H. G r e i l i n g , E. O h l s t , E. Müller and H.-D. Scha r f , 
825 
Cornea (bovine), proteokeratan sulfate,T. S t e i n , 
R. K e l l e r , H.W. S t u h l s a t z , H. G r e i l i n g , E. O h l s t , 
E. Müller and H.-D. S c h a r f , 825 
Cortisol, adrenal gland, J. V o i g t and C.E. S e k e r i s , 
159 
C5 Pathway, biosynthesis of chlorophyll, O. K l e i n and 
R. J. P o r r a , 551 
Crab, s. Carcinus maenas 
Crayfish, s. Orconectes limosus 
Crosslinking (photochemical) , in liposomes, W. S t o f f e l , 
K.-P. S a l m and M. Müller,! 
- , azido-labelled lipids in HDL, W. S t o f f e l and P. M e t z , 
19 
- , insulin, A. Schüttler and D. B r a n d e n b u r g , 317 
- , fibronectin, H. R i c h t e r and H. Hörmann, 351 
- , insulin analogues, D. S a u n d e r s and K. F r e u d e , 
655 
Cyanogen bromide fragments, distribution of crosslinks, 
W. S t o f f e l a n d P. M e t z , 19 
- , proteolipid apoprotein, W. S t o f f e l , H. H i l l e n , 
W. S c h r o e d e r and R. D e u t z m a n n , 855 
(Cyclohexyldithio)carbonyl, amino-protecting group, 
E. Wünsch, L. M o r o d e r , R. N y f e l e r and 
E. J a e g e r , 197 
Cyclovoltograms, electron transport , P. E g e r e r , 
M. Bühler and H. S i m o n , 627 
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Cygnus olor (mute swan), amino acid sequence of hemo-
globin, W. Oberthür, J. G o d o v a c - Z i m m e r m a n n , 
G. B r a u n i t z e r and H. W i e s n e r , 777 
Cysteine and cysteine derivatives, introduction of the 
S-tert-butylthio protecting group, E. Wünsch, 
L. M o r o d e r and S. R o m a n i , 1461 
a-Cysteine proteinase inhibitor, assay, K. M i n a k a t a , 
M. A s a n o , T. S a t o and N. H a r a d a , 493 
Cystine peptides, new method for synthesis, E. Wünsch 
and S. R o m a n i , 449 
Cytochemical localization, s. immunocytochemical 
localization 
Cytochrome c oxidase (EC 1.9.3.1), tissue specificity 
vs. species specificity, J. Ja r a u s c h and 
B. K a d e n b a c h , 1133 
- , amino acid sequence of polypeptide Via, 
R. B i e w a l d and G. Buse , 1141 
Cytochrome P-450, hydroxylations, Joint meeting of 
the nordic biochemical societies and the Gesellschaft 
für Biologische Chemie, 971 
Cytoplasm (rat liver), cortisol-binding proteins, J. V o i g t 
and C.E. S e k e r i s , 159 
- (hen liver), phenylalanyl-tRNA synthetase, 
H. -J. G a b i u s , W. F r e i s t and F. C r a m e r , 1241 
- (chick embryo) , compartmentat ion of influence on 
RNA labelling, C. S c h o l t i s s e k , D. E v a n s and 
H. Bürger, 1389 
- (yeast and hen liver), phcnylalanyl-tRNA synthetase 
compared to that from mitochondria, H.J. G a b i u s 
and F . C r a m e r , 1473 
Cytoskeleton, polyribosomes, P. T r a u b and 
W.J . N e l s o n , 1177 
Dansyl-Edman degradation, uremic toxins, G. Bover-
m a n n , H. R a u t e n s t r a u c h , G. S e y b o l d and 
G. J u n g , 1187 
Dasypus novemcinctus (armadillo), amino-acid sequence 
of hemoglobin a-chains, G. B r a u n i t z e r and 
J. G o d o v a c , 239 
Deacylation (nucleophilic), acyl-chymotrypsin, 
V. K a s c h e and R. Zöllner, 531 
Decapeptide, spermatozoa 1 antigen, A . B . C z u p p o n and 
L . M e t t l e r , 1465 
Density gradient media, iodination, Joint meeting of the 
nordic biochemical societies and the Gesellschaft für 
Biologische Chemie, 999 
Deoxyribonucleic acid, intercalating reagent, 
J.-P. H e n i c h a r t , J.-L. B e r n i e r and J.-P. C a t t e a u , 
835 
Dephosphorylation, retinoic acid binding in tumor 
cytosol, B. G m e i n e r and G. Z e r l a u t h , 337 
Diabetes, mutant insulins, C. D i a c o n e s c u , 
D. S a u n d e r s , H.-G. G a t t n e r and D. B r a n d e n -
b u r g , 187 
Dictyostelium discoideum, contact site A glycoprotein 
J. S t a d l e r , C. B o r d i e r , F. L o t t s p e i c h , A. H e n -
s c h e n and G. G e r i s c h , 771 
Diet, effect of lipids on 3-hydroxy-3-methylglutaryl-
CoA reductase, H.-S. J e n k e , M. Löwel and 
J. B e r n d t , 725 
Dietary regulation, lipogenic enzymes, M. Bol l 
E. Brückner and J. B e r n d t , 103 
Differentiation, s.a. embryonic development 
morphogenesis, 33 . Mosbacher Kolloquium der 
Gesellschaft für Biologische Chemie, 119 
- , promyelocytes, M. K i d r o n , D.B. F r i e d m a n , 
M. M a y e r , Y. K l e m e s and E. F i b a c h , 865 
Dihydrobiopterin, determination, M. Bräutigam, 
R. D r e e s e n and H. H e r k e n , 341 
3,5-Diiodosalicylate, solubilization of antigens, J. D i e t l , 
A. C z u p p o n and L. M e t t l e r , 381 
3,4-DimethoxyphenyIacetic acid, degradation, B. H a u e r , 
K. H a a s e - A s c h o f f and F . L i n g e n s , 499 
(2Ä, 35)-2,3-Dimethylmalate-lyase reaction, stereochemi-
cal course, G. Löhlein and H. E g g e r e r , 1103 
Dimethylsulfoxid, proteolytic activity in promyelo-
cytes, M. K i d r o n , D.B. F r i e d m a n , M. M a y e r , 
Y. K l e m e s and E. F i b a c h , 865 
Disulfide bonds, fibronectin, H. R i c h t e r and 
H. Hörmann, 351 
Disulfide bridges, cleavage by sulfite, M. S c h l e y e r , 
H. E t z r o d t , T . J . T r a h and K.-H. V o i g t , 1111 
Disulfides (unsymmetrical), selective synthesis. 
E. Wünsch and S. R o m a n i , 449 
Dithiothreitol , somatotropin activity, M. S c h l e y e r , 
H. E t z r o d t , T . J . T r a h , a n d K.-H. V o i g t , 1111 
DNA restriction, SV40 gene, J. H o r s t , E. J a c o b , 
C. W e c k l e r and W. D e p p e r t , 445 
Drug disposition, steroid hormones, M. W e n z e l , 
G. S c h a c h s c h n e i d e r , M. S c h n e i d e r and 
R. H e r k e n , 693 
Ecdysteroid receptors, crayfish, M. L u n d e r s h a u s e n , 
P. K u p p e r t and K.-D. S p i n d l c r , 797 
Ecdysteroids, shore crab (Carcinus maenasj, 
F. L a c h a i s e and J .A. H o f f m a n n , 1059 
Eglin, elastasc, W. H o r n e b e c k a n d H.P. S c h n e b l i , 
455 
Ehrlich ascites tumor cells, cytoskeleton, P. T r a u b and 
W.J . N e l s o n , 1177 
Elastase (EC 3.4.21.37) (human leukocytes), separation 
from other leukocyte enzymes, S. E n g c l b r e c h t , 
E. P i e p e r . H.W. M a c a r t n e y , W. R a u t e n b e r g , 
H.R. W e n z e l and H. T s c h e s c h e , 305 
- (human leukocytes), elastin, W. H o r n c b e c k and 
H.P. S c h n e b l i , 455 
Elastin. elastase, W. H o r n e b e c k and H.P. S c h n e b l i , 
455 
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Electrochemical detect ion, reduced biopterins, 
M. Bräutigam, R. D r e e s e n and H. H e r k e n , 341 
- , te t rahydrobiopter in , M. Bräutigam and R. D r e e s e n , 
1203 
Electron microscopy, computer averaging, 
H. J. S c h r a m m and W. S c h r a m m , 803 
Electron spin resonance, interaction of 4-(9-acridinyl-
amino)aniline with DNA, J.-P. H e n i c h a r t , 
J.-L. B e r n i e r and J.-P. C a t t e a u , 835 
Electron transport particles, rhein, P. E g e r e r , 
M. Bühler and H. S i m o n , 627 
Electrophoresis, a\-proteinase inhibitor, R. A. S t o c k l e y , 
S.C. A f f o r d and D. B u r n e t t , 387 
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A. S t a n g l , B. S c h r a n k and C. K r o m b a c h , 683 
ELISA, s. enzyme-linked immunosorbent assay 
Embryogenesis, and retroviruses, R. J a c n i s c h , 1267 
Embryonic development, vegetalizing inducer protein, 
K. A s a h i , M. A s a s h i m a , H.-P. G e i t h e , J. B o r n , 
H. T i e d e m a n n and H. T i e d e m a n n , 563 
—, ecdysteroids in a crab, F. L a c h a i s e and J .A. Hoff-
m a n n , 1059 
Energy t ransduct ion, organelles, Joint meeting of the 
nordic biochemical societies and the Gesellschaft für 
Biologische Chemie, 909 
Enoate reductase, on the kinetics and mechanism, 
M. Bühler and H. S i m o n , 609 
Enzyme conversion, microbial proteases, R. K l e i n e and 
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Kidney (bovine), /3-AA-acetyl-D-glucosaminidase, 
R. D o l h o f e r , E . A . S i e s s a n d O.H. W i e l a n d , 1427 
Kinin, liberation by kallikrein, L. S c h a c k and T. D i e t l , 
107 
- , rat uterus homogenate, M. M a r i n - G r e z , G. S c h a e c h -
t e l i n and K. H e r m a n n , 1359 
Kininase I, carboxypeptidase N, L. J u i l l e r a t - J e a n n e r e t , 
M. R o t h and J.-P. B a r g e t z i , 51 
Kininogenase, rat uterus homogenate. M. M a r i n - G r e z , 
G. S c h a e c h t e l i n and K. H e r m a n n , 1359 
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Lactate dehydrogenase (EC 1.1.1.27) (porcine) , subunit 
hybridisation, R. H e r m a n n , R. R u d o l p h and 
R. J a e n i c k e , 1259 
Lactoperoxidase iodination, glucagon, O. S o n n e , U.D. 
L a r s e n and J. M a r k u s s e n , 95 
Lactose permease, and the molecular biology of trans-
por t , 3 9 t n Conference of the Gesellschaft für Biolo-
gische Chemie, 1409 
Leukemia, maturat ion of promyelocytes, M. K i d r o n , 
D. B. F r i e d m a n , M. M a y e r , Y. K l e m e s and 
E. F i b a c h , 865 
Leukocyte elastase (EC 3.4.21.37) (human granulocytes), 
urinary trypsin inhibitor, B.-M. Jönsson, C. Löffler 
and K. O h l s s o n , 1167 
Leukocytes, seminal and colostral protease inhibitors, 
L. V e s e l s k y , D. C e c h o v a , V. H r u b a n and 
J. K l a u d y , 113 
- (porcine), colony-stimulating factors, R. N e u m e i e r , 
H.R. M a u r e r , M. A r n o l d , U. G e r l a c h , K. G l e n d i n -
n i n g , H. R e n n e r and H. J. Wiss le r , 193 
- (human) , separation of enzymes, S. E n g e l b r e c h t , 
E. P i e p e r , H.W. M a c a r t n e y , W. R a u t e n b e r g , 
H.R. W e n z e l and H. T s c h e s c h e , 305 
- (human) , elastase, W. H o r n e b e c k and H.P. 
S c h n e b l i , 455 
Leukodys t rophy, s. metachromatic leukodystrophy 
Lewis lung tumor , retinoic acid binding, B. G m e i n e r 
and G. Z e r l a u t h , 337 
Light, s. crosslinking (photochemical), photo-label 
Limulus polyphemus, active-site sequence of hemocyanins, 
H.-J. S c h n e i d e r , U. I l l ig , E. Müller, B. L i n z e n , 
F . L o t t s p e i c h and A. H e n s c h e n , 487 
Linkage monosaccharides, glycopeptides in teratocarci-
noma cells, M.-L. R a s i l o and O. R e n k o n e n , 89 
Lipidosis, s. mucolipidosis III 
Lipid phase transition (temperature-induced), prosta-
glandin E i , J. M r u k , A. B a k a r d j i e v and W. Bürger-
m e i s t e r , 745 
Lipids, s.a. ether lipids, phospholipids, proteolipid, 
steatosis 
azido-and 3H-labelled, W. S t o f f e l , K.-P. S a l m and 
M. Müller, 1 
- , azido-labelled in HDL, W. S t o f f e l and P. M e t z , 19 
- (dietary), 3-hydroxy-3-methylglutaryl-CoA reductase, 
H.-S. J e n k e , M. Löwel and J. B e r n d t , 725 
- , membrane lipid phase transition, J. M r u k , 
A. B a k a r d j i e v and W. Bürgermeister, 745 
Lipogenesis, age-related differences, M. Bol l , E. Brück-
ner and J. B e r n d t , 103 
- , insulin analogues, C. D i a c o n e s c u , D. S a u n d e r s , 
H.-G. G a t t n e r and D. B r a n d e n b u r g , 187 
- , insulin action, A. Schüttler and D. B r a n d e n b u r g , 
317 
Lipopeptide (synthet ic) , mitogenicity, W.G. Bess le r , 
R.B. J o h n s o n , K. Wiesmüller and G. J u n g , 
767 
Lipophilin, partial primary structure, W. S t o f f e l , 
H. H i l l e n , W. S c h r o e d e r and R. D e u t z m a n n , 855 
- , amino acid sequence of proteolytic fragments, 
W. S t o f f e l , W. Schröder, H. H i l l e n and R. D e u t z -
m a n n , 1117 
- , amino acid sequence of some fragments, W. S t o f f e l , 
H. H i l l e n , W. Schröder and R. D e u t z m a n n , 1397 
Lipopolypeptides, crosslinked, W. S t o f f e l and P. M e t z , 
19 
Lipopolysaccharides, mitogenicity, W.G. Bess l e r , R.B. 
J o h n s o n , K. Wiesmüller and G. J u n g , 767 
Lipoproteins (human plasma), blood platelets, E. K o l l e r , 
F. K o l l e r and W. D o l e s c h e l , 395 
- (bacterial) , mitogenic activity, W.G. Bes s l e r , R.B. 
J o h n s o n , K. Wiesmüller and G. J u n g , 767 
- , structure and metabolism, Joint meeting of the nordic 
biochemical societies and the Gesellschaft für Biologi-
sche Chemie, 948 
Liposomes, photochemical crosslinking, W. S t o f f e l , 
K.-P. S a l m and M.Müller, 1 
Liquid-phase peptide synthesis, derivatives of Boc-amino 
acids, B. H e m m a s i , W. St über and E. B a y e r , 701 
Lithium 3,5-diiodosalicylate, solubilization of antigens, 
J. D i e t l , A. C z u p p o n and L. M e t t l e r , 381 
Liver, s.a. hepatocytes 
- ( rat) , regulation of lipogenic enzymes, M. Bo l l , 
E. Brückner and J. B e r n d t , 103 
- (rat) , cytoplasmic proteins, J. V o i g t and C.E. 
S e k e r i s , 159 
cell heterogeneity, W. F i s c h e r , M. I ck and N.R. 
K a t z , 375 
- (rat) , fatty acid liberation, G. P a k a l a p a t i and 
H. D e b u c h , 573 
- (rat, isolated perfused), oxocholanic acid metabolism, 
M.S. A n w e r and D. H e g n e r , 731 
- (human) , sialidase, J.-C. M i c h a l s k i , A.P. C o r f i e l d 
and R. S c h a u e r , 1097 
Liver acinus (rat) , glucokinase and hexokinase distribu-
t ion, W. F i s c h e r , M. I ck and N.R. K a t z , 375 
Liver damage (rabbits), anomalous erythrocytes, 
C. L. B a l d u i n i , F. S i n i g a g l i a , E. A s c a r i , 
U. M a g r i n i , C. S e p p i and C. B a l d u i n i , 1341 
Localization, pancreatic kallikrein, M. A m o u r i c , 
P. L e c h e n e de la P o r t e and C. F i g a r e l l a , 515 
Lung, s. a. Lewis lung tumor 
- (bovine), granulocyte colony-stimulating factor, 
R. N e u m e i e r and H.R. M a u r e r , 1493 
Lung secretion, a j-proteinase inhibitor, R.A. S t o c k ley , 
S.C. A f f o r d and D. B u r n e t t , 387 
Lymphocytes , s.a. B-lymphocytes, T-lymphocytes 
- , seminal and colostral protease inhibitors, 
L. V e s e l s k y , D. C e c h o v a , V. H r u b a n and 
J . K l a u d y , 113 
Lymphoma cells (mouse), polyadenylate-protein com-
plex, A. B e r n d , R.K. Z a h n , A. M a i d h o f and 
W.E.G. Müller, 221 
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Lysine peptides (a- and e-substituted), enzymatic 
cleavage, A. P l e s s i n g , G. S i e b e r t , J .H. Wiss le r , 
A. J. P u i g s e r v e r and P. P f a e n d e r , 279 
Lysine residues, function in hexokinase, P.A. L a z o and 
L. B o s c a , 635 
2-Lysophosphatidylcholin, fatty acid liberation, 
G. P a k a l a p a t i and H. D e b u c h , 573 
Lysophospholipase (EC 3.1.1.5), chloroquine effect, 
G. P a k a l a p a t i and H. D e b u c h , 573 
Lysosomal enzymes, arylsulfatase A, A. W a h e e d , 
A. H a s i l i k and K.v. F i g u r a , 425 
Lysosomes (human fibroblasts), enzyme phosphoryla-
tion, A. W a h e e d , A. H a s i l i k , M. C a n t z and 
K.v. F i g u r a , 169 
- (rat liver), chloroquine, G. P a k a l a p a t i and 
H. D e b u c h , 573 
- (rat liver), chloroquine t reatment , A. H a r d e r and 
H. D e b u c h , 717 
Lysylglycin, influence on binding of 4-(9-acridinylami-
no)aniline to DNA, J.-P. H e n i c h a r t , J.-L. B e r n i e r 
and J .P. C a t t e a u , 835 
a2-Macroglobulin, uptake of the trypsin complex, 
K. O h l s s o n , A. P o l l i n g and P. S t e n b e r g , 213 
- , assay of a-cysteine proteinase inhibitors, 
K. M i n a k a t a , M. A s a n o , T. S a t o and N. H a r a d a , 
493 
- (rat), subunit structure of a-macroglobulin protein-
ase inhibitors, L.P. N e l l e s and H.P. S c h n e b l i , 677 
- (rat and human) , subunit structur of a-macroglobulin 
proteinase inhibitors, L.P. N e l l e s and H.P. S c h n e b l i , 
677 
- , electron microscopy, H.J . S c h r a m m and 
W. S c h r a m m , 803 
Macrophages, colony-stimulating factors, R. N e u m e i e r , 
H.R. M a u r e r , M. A r n o l d , U. G e r l a c h , K. G l e n d i n -
n i n g , H. R e n n e r and J .H. Wiss l e r , 193 
- , trypsin-a-macroglobulin complex, K. O h l s s o n , 
A. P o l l i n g and P. S t e n b e r g , 213 
Magnesium, ATP complexes, E. G e r l o , W. F r e i s t and 
J. C h a r l i e r , 365 
Major histocompatibili ty complex, A^-terminus of an 
alloantigen, C. Y a n g , H. K r a t z i n , H. Götz, F.P. 
T h i n n e s , T. K r u s e , G. E g e r t , E. P a u l y , S. Kölbel, 
P. W e r n e t and N. H i l s c h m a n n , 671 
Malignant cells, membranes, transport , antigenicity, Joint 
meeting of the nordic biochemical societies and the 
Gesellschaft für Biologische Chemie, 894 
Mass spectrometry, uremic toxins, G. B o v e r m a n n , 
H. R a u t e n s t r a u c h and G. J u n g , 1187 
Mass spectroscopy, azido fatty acid-substituted lipids, 
W. S t o f f e l , K.-P. S a l m and M. Müller, 1 
Mast cells, histamine release, M. M u r a m a t u , T. S a t o h , 
Y. Y a n a g i m o t o , Y. K a n a m o t o , I. K a t s u y a m a , 
M. K a n e m o t o and K. T a g u c h i , 203 
Membrane protein, Dictyostelium discoideum, J. S tad -
ler, C. B o r d i e r , F . L o t t s p e i c h , A. H e n s c h e n and 
G. G e r i s c h , 771 
Membranes (mitochondrial), hexokinase, P.A. L a z o and 
L. Bosca , 635 
- , lipid phase transitions, J. M r u k , A. B a k a r d j i e v and 
W. Bürgermeister, 745 
membrane-bound proteins, B. Z e l e z n a and D. C e c h o v a , 
757 
- , in normal and malignant cells, including transport 
and antigenicity, Joint meeting of the nordic bio-
chemical societies and the Gesellschaft für Biologi-
sche Chemie, 894 
- , of reticulocytes during liver steatosis, C.L. B a l d u i n i , 
F . S i n i g a g l i a , E. A s c a r i , U. M a g r i n i , C. S e p p i and 
C. B a l d u i n i , 1341 
- (bovine brain white mat ter) , lipophilin, W. S t o f f e l , 
H. H i l l e n , W. Schröder and R. D e u t z m a n n , 
1397 
Messenger, second messengers, Joint meeting of the 
nordic biochemical societies and the Gesellschaft für 
Biologische Chemie, 938 
Messenger RNA, polyadenylate • protein complex, 
A. B e r n d t , R . K . Z a h n , A . M a i d h o f and W.E.G. 
Müller, 221 
Metabolie zonatron, hexokinase and glucokinase distribu-
tion, W. F i s c h e r , M. I ck and N.R . K a t z , 375 
Metachromatic leukodystrophy, processing of arylsulfa-
tase A, A. W a h e e d , A. Has i l i k and K. v. F i g u r a , 
425 
Metallocenes, steroid hormones, M. W e n z e l , 
G. S c h a c h s c h n e i d e r , M. S c h n e i d e r and 
R. H e r k e n , 693 
Methionine residue, receptor-binding affinity, 
O. S o n n e , U.D. L a r s e n and J. M a r k u s s e n , 95 
Methoxinine,gastrin I analoga, E. Wünsch, L. M o r o d e r , 
D. G i l l e s s e n , U.B. S o e r e n s e n and J.-P. Bal i , 
665 
2-Methoxyestradiol-17j3, synthesis, D. Berg , 
H. -H. W a r n e c k e and E . K u s s , 737 
2-Methoxyestrone, synthesis, D. Berg , 
H.-H. W a r n e c k e and E. K u s s , 737 
Methylation, of RNA in vitro, K.P. Schäfer, 33 
- (reductive), tr i t ium labelling, K. Asa h i , 
M. A s a s h i m a , H.-P. G e i t h e , J. B o r n , H. T i e d e -
m a n n and H. T i e d e m a n n , 563 
Met-Lys-Bradykinin, high-performance liquid chro-
matography, R. G e i g e r , R. Hel l and H. F r i t z , 
527 
Microbial degradation, 4-chlorophenylacetic acid, 
A. M a r k u s , U. K l a g e s and F . L i n g e n s , 431 
Microbial protease, chromatography on controlled 
pore glass, R. K l e i n e and U. K e t t m a n n , 843 
Mitochondria (beef heart) , ADP/ATP carrier, 
H. A q u i l a , D. Misra , M. E u l i t z and M. K l i n g e n -
b e r g , 345 
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- (rat heart) , formation of OH* radicals, H. No hi , 
W . J o r d a n and D. H e g n e r , 599 
- , membrane-bound hexokinase, P.A. L a z o and 
L. Bosca , 635 
- , cy tochrome P-450-dependent hydroxylat ion, 
Joint meeting of the nordic biochemical societies 
and the Gesellschaft für Biologische Chemie, 971 
- (hen liver), phenylalanyl-tRNA synthetase, 
H.-J. G a b i u s , W. F r e i s t and F . C r a m e r , 1241 
- (yeast and hen liver), phenylalanyl-tRNA synthetase 
compared to that from cytoplasm, H.J. G a b i u s 
and F . C r a m e r , .1473 
Mitogenicity, synthetic lipopeptide, W.G. B e s s l e r , 
R .B. Johnson, K. Wiesmüller and G . J u n g , 767 
Molecular arrangement, lipophilin in bovine brain 
white matter , W. S t o f f e l , H. H i l l e n , W. S c h r o -
d e r and R. D e u t z m a n n , 1397 
Molecular bioenergetics, aspects, 43rd Conference of the 
Gesellschaft für Biologische Chemie, 535 
Monoiodoglucagon, receptor-binding affinity, O. S o n n e , 
U .D. L a r s e n and J. M a r k u s s e n , 95 
Monosaccharides, s. linkage monosaccharides 
Morphogenesis, differentiation, 33 . Mosbacher Kollo-
quium der Gesellschaft für Biologische Chemie, 
119 
Mouse L cells, subcellular system for RNA synthesis 
and processing, K.P. Schäfer, 33 
Mucin (equine submandibular gland), specific sialidase, 
J.-C. M i c h a l s k i , A.P. C o r f i e l d and R . S c h a u e r , 
1097 
Mucolipidosis III, deficiency of N-acetylglucosamine-l-
phosphotransferase, A. W a h e e d , A. H a s i l i k , 
M. C a n t z and K. v. F i g u r a , 169 
Mucosa (intestinal), cleavage of e-substituted peptides, 
A. P l e s s i n g , G. S i e b e r t , J .H. Wiss le r , A.J . Puig-
s e r v e r and P. P f a e n d e r , 279 
Multiple forms, porcine somatotropin, M. S c h l e y e r , 
T. T r a h and I . S c h l e y e r , 179 
Muscle, s.a. skeletal muscle 
- (fast skeletal from chicken), amino acid sequence 
of myosin L-l light chain, T. U m e g a n e , T. Ma i t a 
and G . M a t s u d a , 1321 
Mutants, papaverine degradation, B. H a u e r , K. H a a s e -
A s c h o f f and F. L i n g e n s , 499 
Myelin (from bovine brain), proteolipid apoprotein, 
W. S t o f f e l , W. Schröder, H. H i l l e n and 
R. D e u t z m a n n , 1117 
- (bovine brain white matter) , liphophilin, W. S t o f f e l , 
H. H i l l e n , W. Schröder and R. D e u t z m a n n , 
1397 
Myeloperoxidase, s. Peroxidase 
Myofibrils (rat) , protease, M. D u d a i , M. M a y e r and 
M . K i d r o n , 6 5 1 
Myosin (chicken fast skeletal muscle), amino acid 
sequence of myosin L-l light chain, T. U m e g a n e , 
T . M a i t a a n d G . M a t s u d a , 1321 
NADH dehydrogenase (EC 1.6.99.3), rhein, P. E g e r e r , 
M. Bühler and H . S i m o n , 627 
Neopterine, allograft rejection, D. F u c h s , A. H a u s e n , 
C. H u b e r , R. M a r g r e i t e r , G. R e i b n e g g e r , 
M. S p i e l b e r g e r and H. Wächter, 661 
Nervous system, biochemistry, 44 th Conference of the 
Gesellschaft für Biologische Chemie, 1283 
Neuraminidase, s. sialidase 
Neurochemistry, biochemistry of the nervous system, 
44th Conference of the Gesellschaft für Biologische 
Chemie, 1283 
Neuropeptides, Joint meeting of the nordic biochemi-
cal societies and the Gesellschaft für Biologische 
Chemie, 941 
Nicotinic acid, (2R, 3iS)-2,3-dimethylmalate-lyase 
reaction, G. Löhlein and H. E g g e r e r , 1103 
Nocardia spec, papaverine degradation, B. H a u e r , 
K. H a a s e - A s c h o f f and F . L i n g e n s , 499 
- , t ryp tophan metabolism, B. H a u e r and F . L i n g e n s , 
507 
Norleucine, in pos. 8 of an analogue of somatostat in-28, 
L. M o r o d e r , E. Wünsch, N. V a y s s e and A. R i b e t , 
1247 
Nuclear magnetic resonance, uremic toxins, 
G . B o v e r m a n n , H . R a u t e n s t r a u c h and G . J u n g , 
1187 
Nuclei, compartmentat ion of influence on RNA 
labelling, C. S c h o l t i s s e k , D. E v a n s and H. Bürger, 
1389 
Nucleophilic deacylation, acyl-chymotrypsin, 
V . K a s c h e and R. Zöllner, 531 
Nucleosides, influence on RNA labelling with 3 2 P j , 
C . S c h o l t i s s e k , D . E v a n s a n d H.Bürger, 1389 
Oligosaccharides, 0-D-glucuronidase, R. N i e m a n n and 
E . B u d d e c k e , 5 9 1 
- , structure in proteokeratan sulfate, T. S t e i n , 
R. K e l l e r , H.W. S t u h l s a l z , H . G r e i l i n g , E . O h s t , 
E. Müller and H.-D. Scha r f , 825 
Orconectes limosus (crayfish), ecdysteroid receptors, 
M. L u n d e r s h a u s e n , P. K u p p e r t and K.-D. S p i n d -
ler, 797 
Organelles, energy transduction, Joint meeting of the 
nordic biochemical societies and the Gesellschaft für 
Biologische Chemie, 909 
Ornithine peptides, synthesis of [perornithinejthynnine 
fragments, F . M a r c h i o r i , G. B o r i n , D. S t i v a n e l l o , 
V. M o r e t t o and G. C h e s s a , 1483 
Ovisammon (sheep), amino acid sequence of fetal 
hemoglobin, T. K i e i n s c h m i d t and G. B r a u n i t z e r , 
789 
Oxidation, s. periodate oxidation 
Oxocholanic acids, metabolism in liver, M.S. An w e r 
and D. H e g n e r , 731 
1520 Stichwortregister Bd. 363 (1982) 
Oxygen affinity, hemoglobin of armadillo, T. K l e i n -
s c h m i d t , W.W. de J o n g and G. B r a u n i t z e r , 239 
- , hemoglobin of the indian elephant, G. B r a u n i t z e r , 
W. J e l k m a n n , A. S t a n g l , B. S c h r a n k and 
C. K r o m b a c h , 683 
- , fetal hemoglobins, T. K l e i n s c h m i d t and G. B r a u -
n i t z e r , 789 
- , hemoglobin of egyptian fruit bat Rousettus 
aegyptiacus, T. K l e i n s c h m i d t and G. B r a u n i t z e r , 
1209 
Oxygen binding, hemocyanin, H.-J. S c h n e i d e r , U. I l l i g , 
E. Müller, B. L i n z e n , F . L o t t s p e i c h and 
A. H e n s c h e n , 487 
Pancreas (human), localization of kallikrein, M. A m o u r i c , 
P. Le c h e n e de la P o r t e and C. F i g a r e l l a , 515 
— (human), comparison of urinary and pancreatic 
kallikrein, E. F i n k , M. A m o u r i c , R. G e i g e r and 
C. F i g a r e l l a , 819 
Papaverine, degradation, B. H a u e r , K. H a a s e - A s c h o f f 
and F . L i n g e n s , 499 
- , B. H a u e r and F. L i n g e n s , 507 
Parathyrin (human), partial synthesis, M. C a s a r e t t o , 
W. D a n h o , R.-D. H e s c h and H. Z a h n , 407 
Pathogenicity (influenza virus), determinants, R. R o t t , 
1273 
Peptidases, and Proteinases, Joint meeting of the nordic 
biochemical societies and the Gesellschaft für 
Biologische Chemie, 976 
e-Peptide bond , enzymatic cleavage, A. P l e s s i n g , 
G. S i e b e r t , J .H. Wiss le r , A. J. Pu ig s e r v e r and 
P. P f a e n d e r , 279 
Peptides, s.a. brain intestinal peptides, cystine pept ides , 
decapeptide, glycopeptides, lipopeptide, l ipopoly-
peptides, neuropeptides, ornithine peptides, phenyl-
alanyl-lysine peptides, polypeptides 
- (1 2 5 I - label led) , "facteur thymique serique", 
G. A u g e r , D. B l a n o t , E. B r i c a s , J.-M. P l e a u , 
M. D a r d e n n e and J.-F. Bach , 331 
- , structural similarities among biologically active pep-
tides, H. Jörnvall, V. M u t t and M. P e r s s o n , 475 
- , high performance liquid chromatography, 
G. B r a u n i t z e r , P. Rücknagel and W. Oberthür, 
485 
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